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法制备了 CdS 纳米线。 
本文的主要研究结果如下： 
1. 先前我们采用 AAO 模板或金溶胶的方法来制备实验所需的催化剂，但过程繁
琐且效果不佳，这里我们改进了 Au 催化剂的制备方法。我们在硅片上喷上一层 10nm
厚的 Au 膜，经过不同的温度进行热处理。从 SEM 表征的结果中，我们发现经过 700 
℃热处理，Au 膜的分裂效果最好，都形成了 Au 纳米颗粒，并且其粒径分布相对其
他温度窄，所以实验都是采用这种方法来制备 Au 催化剂。 
2. 采用化学气相沉积的方法，以硅烷为硅源，使用上述方法制备的 Au 颗粒作
为催化剂，在 480 oC 下，通过调节硅烷的流量来控制不同的一维硅纳米材料的形成，
整个过程都遵循 VLS 机理。控制反应器的内压为 1atm，氢气流量为 10sccm，当硅烷
的流量为 30sccm 时，我们制备出大量的硅纳米线；当硅烷的流量在 30～5sccm 之间
时，所制备的是纳米线和竹节状硅纳米管的混合物，随着流量的逐渐减少，竹节状
硅纳米管的量越多；当硅烷流量为 5sccm 时，我们制备出大量的竹节状硅纳米管；
当硅烷流量为 2sccm 时，我们发现产物中有空心硅纳米管生成。对一种 Y 型竹节状






















3. 采用物理蒸发 CdS 粉末，在 650 oC，以 Au 作为催化剂，H2 为载气，流量为
100sccm，在距恒温区 15cm 处收集到大量的直径在 100nm 左右，长度可达几百个微
米的 CdS 纳米线。该生长过程遵循 VLS 生长机理。实验表明，在 650 oC 下，以 Ar
气作载气或氢气流量太小，都不能得到高产率的 CdS 纳米线。对 CdS 纳米线进行结
构和形貌的分析，发现该纳米线属于六方纤维锌矿结构，并且为单晶结构，其生长










是绿光发光带，峰中心位于 517nm 左右，属于 CdS 的本征近带边发射；另一个是红































Synthesis and Characterization of Si and CdS Semiconductor 
Nanomaterials 
Nanomaterials exihibit superior optical, electrical, magnetic, thermal and mechanical 
properties than bulk materials and have huge potential applications in many fields, such as 
semiconductor, IT, chemical engineering, materials, and so on. Thus nanomaterials have 
attracted a lot of interests in the past few years. As we know, Si is one of the most 
dominant materials in semiconductor while CdS has played an important role in 
photoelectric field. In this paper, Au catalysts were fabricated by vacuum thermal 
evaporation and high temperature treatment; Si nanowires, Si nanotubes and bamboo-like 
silicon nanotubes were synthesized successfully by using chemical vapor deposition 
method; CdS nanowires were prepared by a simple physical vapor deposition. 
The main results are summarized as following: 
1. In our previous work, Au catalysts were fabricated by AAO template or Au gel, 
but the two methods were complicated. The catalysts-prepared method was improved in 
this work. A clean Si wafer was deposited with au Au layer (about 10nm) and then was 
heated and treated at different temperature. SEM images show Au layer divided into Au 
nanoparticles at 700 oC. The diameters of these nanoparticles distributed narrowly, so we 
used them as the catalysts in our work. 
2. Different one-dimensional silicon nanomaterials were synthesized by chemical 
vapor deposition of SiH4 at 480 oC through controlling the flow rate of SiH4. The catalysts 
were the Au nanoparticles that were fabricated by the above method. The whole process 
follows Vapor-Liquid-Solid mechanism. A lot of Si nanowires were synthesized at the 
flow rate of 30sccm. a lot of bamboo-like Si nanotubes were fabricated at the flow rate of 
5sccm.However, a few of Si nanotubes were obtained at the flow rate of 2sccm. Y-type 
bamboo-like Si nanotubes have been also synthesized, for the first time, by CVD method 
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the coupling of Au catalysts is the main reason of the formation of the Y-type bamboo-like 
Si nanotubes. Room temperature CL spectrum was performed on the bamboo-like Si 
nanotubes. The result shows a weak purple emission at 350nm and a strong red emission 
at 650nm. As the anode material for Li-ion batteries, cyclic voltammetry studies show that 
Li ions could intercalate into such silicon nanotubes at two location, i.e., from the conjoint 
location and the wall of the hole. Meanwhile, the bamboo-shaped structure could help 
release the polarization of silicon electrode and the expansion of volume, which are 
usually serious in the lithium batteries. 
3. Large-scale CdS nanowires were obtained by a simple physical evaporation of 
CdS powders at 650 oC using gold as catalysts and H2 as a carrier gas. The prepared CdS 
nanowires with the diameters of 100nm have the length up to several hundreds of 
micrometers. The studies show that pure CdS nanowire could not be synthesized at 650 
oC using Ar as a carrier gas or the small flow of H2(30sccm).CdS nanowires exhibit the 
single crystal characteristic which belongs to hexagonal wurtzite structure. All nanowires 
grow along [0001] direction. The interface structures between the catalyst Au and CdS 
nanowires have been investigated based on analysis of SAED pattern. We tentatively 







CdS [011]∥  Au, which could be expected to develop into general principle on the growth of 
catalyst-assisted nanomaterials. The optical properties of CdS nanowires were preformed 
by the CL spectrum. The result shows that CdS nanowries have two emission bands. One 
is a green emission at 517nm, which corresponds to the instrinsic near band edge emission. 
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第一章  绪论 
1.1 纳米科技和纳米材料 
1.1.1 纳米科技的定义 
纳米科技是 20 世纪 80 年代迅速发展起来的一门综合性的新科技。早在 1959 年，
美国著名的物理学家，诺贝尔奖获得者查理德·费恩曼就在他“There is a plenty of 









































世界。20 世纪 50 年代人们已经开始自觉地研究纳米相的材料，德国科学家 Kanzig
等观察到了 BaTiO3 中的“极性微区”，它们的尺度就是在 10~100nm 之间，但由于
人们当时对此还缺乏充分的认识，所以纳米科技直到 20 世纪 60 年代才被 Richard  
Feynmam 首次提出。 










1993 年，继 1989 年美国斯坦福大学搬走原子团“写”下斯坦福大学英文名字、

























2000 年，美国朗讯公司和英国牛津大学的科学家用 DNA 的碱基配对机制制造



















1.1.3 纳米材料的定义  
纳米(nm)和米、微米等单位一样，是一种长度单位，一纳米等于十的负九次方




































料和纳米科技的迅猛发展，在 2002 年美国 NSF 讨论会上，美国国家科技委员会下
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4. 2010 年以后为第四阶段，即分子纳米系统阶段。 
随着科学和技术的不断进步，上述各阶段的许多目标在实验室已提前实现。例
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